Introduction
Hip fracture treatment is controversial, with high complication rates. However, an easy-to-implement algorithm ( Fig. 1) , which standardizes choice of implant type, has been shown to reduce reoperation rates [1] . The algorithm is, however, based on the commonly used fracture classification systems, primarily the Garden classification [2] , of femoral-neck fractures and the Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association (AO/OTA) classification [3] of trochanteric fractures; both previously evaluated to have only a fair to moderate reliability [4] [5] [6] [7] [8] .
Unreliable classification systems could result in different treatment choices between surgeons and hospitals, even when using this new algorithm. Therefore, we investigated the interobserver and intra-observer reliability for choice of implant type when surgeons from two different hospitals used the algorithm.
Patients and methods
Eight observers were grouped by workplace in two neighbouring suburban hospitals annually treating a total of 1,200 patients with a hip fracture: Hospital 1 consisted of authors from Hvidovre Hospital: SG (intern), EP (resident), HP (fellow) and KH (consultant). Hospital 2 consisted of authors from Herlev Hospital: PS (intern), TA (resident), HA (fellow) and KB (consultant). The algorithm was invented and implemented in Hospital 1, whereas Hospital 2 had a 30 minute introduction with images on 20 patients. All observers marked their choice in an individual pad of numbered printed copies of the algorithm (Fig. 1) . The algorithm allows classification into 15 different hip fracture types: the four stages of femoral neck fractures in Gardens classification, which are commonly termed Garden type I-IV fractures [1, 2] , the vertical femoral neck fracture [9, 10] , the basocervical fracture [11, 12] and the nine trochanteric fractures 31A1.1 to A3.3 in the AO/OTA classification [3] . If any observer classified a fracture as a Garden type I or II, all observers also measured the posterior tilt [13] . Based on classification, posterior tilt and patient age stated on the radiographs, observers then chose between five surgical procedures (parallel implants, prosthesis, twohole sliding hip screw, four-hole sliding hip screw or intramedullary nail). After individual assessment of fracture and procedure, each hospital group made a consensus In both groups, assessments were performed twice in random order exactly ten weeks apart on the same 100 consecutive hip fracture patients (73 women and 27 men, average age 80 years) admitted to Hvidovre Hospital from September to November 2011. Radiographs (pelvic, anteroposterior and lateral) had been obtained on patient admission and stored in the Image Management and Applications Radiology Information Service (IMPAX-RIS) system (Agfa, Köln, Germany). Seated around a conference table, observers watched the images in Digital Imaging and Communications in Medicine (DICOM) format projected to a 2×2,5-m wall screen. Measurement of posterior tilt was performed digitally with the assessor seated in front of a computer screen. All individual assessments were performed blinded for coauthor influence. The study was part of the hip fracture project at Hvidovre Hospital, Copenhagen, Denmark, and was approved by the Danish Data Protection Agency and the Copenhagen Ethical Committee, which concluded that the nature of the study was such that written patient consent was not required.
Statistics
Cohen's unweighted kappa statistics was performed to determine intra and interobserver variation for classifying into the 15 fracture types and deciding between the five different implants. Learning curves have been described previously in hip fracture surgery [14] , so improvement between sessions was checked with a paired t test of interobserver values for the first and second sessions. Intra-and interclass correlation coefficients (two-way mixed-effect model, absolute agreement definition, single measure) were performed between measurements of the posterior tilt. Values were interpreted following recommendations by Landis and Kock as poor (<0), slight (0-0.2), fair (0.21-0.4), moderate (0.41-0.6), substantial (0.61-0.8) and almost perfect (0.81-1) agreement [4] . The total number of assessments was 4,272, with 2,000 ((eight observers and two consensus decisions)×100 patients×2 sessions) of fracture classification, each followed by a total of 2,000 assessments of choice of implant type, plus 272 (eight observers×17 patients with a Garden type I-II femoral-neck fracture×2 sessions) measurements of posterior tilt. All calculations were performed with SPSS 19.0 statistical software (Chicago, IL, USA).
Results
For classifying into the 15 fracture types in the algorithm, mean kappa values were 0.62 (range 0.54-0.68) for interobserver variation in the first session, 0.60 (range 0.48-0.78) for intra-observer variation, and 0.73 (range 0.62-0.87) for interobserver variation between individual observers and hospital consensus decisions (Table 1) . Vertical, basocervical and A1.1 trochanteric fractures were most difficult to determine differences [3, [9] [10] [11] [12] . Both hospital consensus decisions classified into the same fracture types in 70 of the 100 patients (Table 2) , giving a kappa value for interobserver variation between hospitals of 0.65. Except for one patient, hospitals agreed on dividing into intra-and extracapsular fractures. The kappa value was 0.52 within the 46 agreedupon extracapsular fractures. Within the 53 agreed-upon intracapsular fractures, the kappa value was 0.67 for dividing into all four Garden types and 0.91 if later being grouped into simply undisplaced (Garden type I-II) or displaced (Garden type III-IV) fractures [2, 5] .
One or more observer classified fractures as Garden type I-II in 17 patients, in which all observers then had to measure the posterior tilt [13] . The mean individual interclass correlation coefficient was 0.87 (range 0.74-0.94) for interobserver variation in the first session and 0.91 (range 0.83-0.95) for intraobserver variation. In two patients, different observers measured the posterior tilt to be on each side of the 20°b orderline for choice of implant type in the algorithm. All observers chose the correct implant type in the algorithm based on their assessment of fracture classification, measured posterior tilt and patient age. Mean kappa values for choice of implant type were 0.86 (range 0.78-0.92) for interobserver variation in the first session, 0.86 (range 0.77-0.92) for intraobserver variation and 0.90 (range 0.82-0.96) for interobserver between individual observers and hospital consensus decisions (Table 1) . No improvement in interobserver values was observed between sessions (p=0.44). The two hospital consensus decisions chose the same implant type in 91 of the 100 patients (Table 3) , giving a kappa value for interobserver variation between hospitals at 0.88. Except for Table 2 Consensus for fracture classification between the two hospitals. Agreement in 70 of 100 patients is indicated in bold one patient, hospitals fully agreed on treatment with parallel implants and prosthesis, whereas most disagreement was seen among treatment with two-and four-hole sliding hip screws.
Discussion
The algorithm (Fig. 1) was proposed for standardizing hip fracture surgery between surgeons and hospitals [1] . This study shows that although the algorithm relies on the commonly used, only moderately reliable, fracture classifications, implants were chosen with an almost perfect agreement between observers [2] [3] [4] [5] [6] [7] [8] . Also, the new measurement for posterior tilt [13] revealed to be both assessable and reliable, with doubt regarding subsequent algorithm choice of implant type occurring in only two patients. An optimal classification system should be reliable and useful for differentiating treatment and prognosis in clinical and research situations. However, previous studies have shown the Garden classification to have only a fair reliability, improving to moderate if simply dividing into undisplaced or displaced fracture groups [5] . Also, the AO/OTA classification for trochanteric fractures has shown only a fair reliability, improving to substantial if using the three main groups only [6] [7] [8] . Classifying into vertical and basocervical fractures among all types of hip fractures has not previously been evaluated, but the vertical fracture could be seen as the third of the three types in the Pauwel classification, which shows only fair reliability [9] [10] [11] [12] .
Compared with these studies, our kappa values for fracture classification were higher. This study did, however, differ from previous studies of reliability of classification systems: (1) it included all proximal femoral fractures, (2) observers classified cases directly onto fracture drawings in their individual pad of printed copies of the algorithm, and (3) a formal introduction was given of the algorithm with radiographs of 20 pilot patients. The latter two differences could theoretically improve agreement between observers, the latter by allowing the observers to agree on how to classify borderline situations before the study. This was also allowed during the study in discussions for reaching the consensus decision after each individual observation. The effect of this practice must, however, be minimal, as improvement did not occur between sessions.
Agreement between the two hospitals was also achieved without the two groups of observers ever meeting. Some individual classification outliers were removed in the consensus decisions, but this only reflects the actual clinical trauma conferences. Compared with previous studies, we believe that our study design is more optimal for the purpose of evaluating a clinical algorithm regarding choice of implant type, as it better reflects the actual clinical situation in a major orthopaedic department with pocketsized classifications/algorithms, formal introduction and trauma conferences.
Although optimal classification systems are still missing, the algorithm proved to have a close to perfect agreement [4] , even among observers not previously familiar with it. Based on well-known classifications, the five different implant types in the algorithm are easily chosen. The simplicity of grouping into fewer choices also improves agreement, as shown in previous studies of the Garden and AO/OTA classifications [5] [6] [7] [8] . The main disagreements in the algorithm were seen among vertical, basocervical and A1.1 trochanteric fractures [3, [9] [10] [11] [12] . Vertical and basocervical fractures must be separated from the common femoral-neck fracture, as they lack varus calcar support for parallel implants and theoretically need a fixed-angle device [1, 12, 15] . For simplifying the algorithm and potentially raising the agreement even further, treating these fractures with the four-hole sliding hip screw could be considered, despite the longer incision.
The algorithm for hip fracture surgery has previously reduced the reoperation rate and is easy implemented [1] . This study shows it to also be reliable, which opens up the opportunity for a more standardized treatment of hip fracture patients by different surgeons and between different hospitals.
